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Errata
Pages10andU: Thecaptionsfortable3 andtible 3 cmcluded
shouldread:
2 ‘k ~~~ (y=l.4) r~THEFUNCTIONS-——
~kdT 5ZERALmmES
OFTHEINDEXk
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Pages12and13: Thecaptionsfortable4 andtible4 coml.tied
shouldread:
THEFUmTmNS
OFTHEINDEX
Addenda
Far?cmplstenesstheadditionalformulasofreference1 used ‘
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Inthehodographmethodoftreatingplanepotentialcompressible
flowsthedifferentialequation,originallyobtainedby Chaplyginin
hisstudyon gasjets,p-s a qigcificantrole.This m= tibtit-
varioushypergeomelricfunctionswhichariseasparticularsolutions-of
chaplygin’sdifferentialequation.Thetableshouldproveusefulin
thetabulationfotherauxiliaryfunctionswhich&y ariseinvarious
compressible-fowproblems.Theeddabaticndexforairhasbeen
takenas1.4. .
IIW!ROMICTIOIV
AnygeneraltheoryOFcompressiblepotmtialflowwillprobably
involvethehodographvariables.A reasonforthisstatementisthat
h thehodographlane,inwhichtheindependentvariablesarethe
mgaitudeandthedirectionfthefluidvelocity,theequationsof
mtionarelinear;whereas,inthephysicalplanetheyareingeneral
enintractablesetofnmlineerpartialtifferential.equations.
Thesimplificationduetotheuseofhodographvariables,however,
presentscertainclifficultieswhichdonotappearinthephysicalplane.
Forexample,applicationofthenecessaryboundaryconditionsfor
uniformcompressiblef owpastanerbitiarybodyisalmostimpossible,
atleastuptothepresentime.Certqinsingularitiesntheflowalso
appea,notably,nearthesonicspeedandin.theundisturbedflowat
infini~. Nevertheless,thepossibili~ofgettingaroundtheseand
otherM.ffichltiesnthen= futurejustifiesthepublicatiauoftables
forthefundamentalsetoffunctionswhichrepresenttheparticular
solutionsoftheflowequationsh thehodographlane.
Thefollowingsectioncontainsequationsamd.definitionsnecesq
fortheunderstandingoftheseveralfunctionslistedinthetables.
Thereaderisreferred.totheoriginalpaper(reference1)inwhichthe
particularflow’solutionsarederivedindetail.
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I!QUNHONSANDDEFINI!JZONS
Thelinearequationsinthehodographvariables0 and q, which
relatetheveloci~potential@ andthestreemfunction* forthe
steadytwo-dimensionalflowofa nonviscouscompressiblef uid,are
(1)
inwhich,fortheadiabaticequationofstatebetweenthepressureand
density,
*
++
1- (2B+ l)T
=
q(l-T)$+1
‘1
where
q magnitude-oflullveloci~
e angleinOl*a byvelocityvectorandpositivedirectionfx-exis
P densi@offluid
a velocityofsoundinfluid
M Machnuuiber(q/a)
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..- -. ---— —-
.--—. .
,,
.’. “..
WA ~ NO. 1716
Y ratioofspecificheats
takenas1.4forair
3“ -
atconstantpressureandatconstantvolume,
T dimensionlessspeed.variable
Theindexo referstostagnation
( ~2 M?~=2~=2~ )
pointq=o.
ObservethattheWch numberisgivenintermsof T by the
—
relation
2j3’TM2=_
l-T
Forthetablesthenumerfcelvd.uef3= 2.5, corresponding
isused.Hence
to y =1.4,
5TM2 .
l-T
andM 1= 1 correspondsto T= ~.
By substitutinginequations(1)theprod.uct-@pesolutions
andbyobssrvingthat
(d .
- (3)
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thefunctionsQk(q)canbeshowntosatisfythefollowingsecond-
orderclifferentialequation:
.
~2 d~k
—+(l+M2)q ~-1+( 1- M2)G&0
ti2
(4)
ThefUUCtionsPk(q)can be obtainedfr~ Qk(q)by~a ofthefi~st
ofequations(3). Equation(4)maybereducedtoa standard@pe bythe
introduction-ofthe&immsiorilessspeedvariable7 astheindependent
variable.Thus,let ‘ 1)
Qk(d=+%c(T) (5)
whereclearly k(T)~ 1 as T~ O (Incompressiblecas ).After
someelementaryoperationsthedesiredifferential.equationis
fi2yk~
T(l - T) —a~
Equation(6), which
byChaplyginhiS
‘k +$k(k +l)yk[(k+l)-(k+l-~)T]a~ = O (6)
L
isoftie
memoiron
hypergeometrictype,wasfirstintroduced
gasjets(reference2).
Jnthepresent-paper,tablesofnumericalvalueshavebeenprepared
fora selectednumberofthecompletesetofparticularsolutionsof
equation(6).Thesesolutionsextendtheresultsof Chaplygintothe
supersonicran~ andtone~tivevaluesoftheind~ k.
DIE&?TIONOFTAB&
Tables~ and2 havebeenpreparedforthefunctionsY~ andtables3
dYk forboth‘0and4forthefunctionsa~ sitiveandnegativevaluesofthe
Hex k rangingfrom0.5 %015.inincrementsof0.5 and forthespeed
variableT rangingfrom0.01toO.~ M incrementsof0.01.The
criticalvalueof T is1/6forair;hence<thepresentablesextend
considerablyintothesupersonicrange.Thus,correspondingtothe
valueT = 0.50, the Machnuuiberis
. 0“
Forlargevaluesof.theindexk (forexample,greaterthan15),’
itispossibletodevalopandutilizeasymptotice~ressionswhich
tiVOIVethefunctionh(T) for M <1 (SeediSCW3SiOIIfollowing
equation(42)ofreference1)~ involveme functione(M)for M >1
(seeequation(57)ofreference1).
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Thenumericalevaluqtimofthefunctionslistedinthetables
wasperfozmedwithbothmanualco~ut~ andwiththeaidofan
IBMcomputingmachine.Thetablesmaybecmsideredaccurateas
listedalthoughtheactualcomputationsmadefulluseofthecapacity
ofthemachineandinvolvedmanymoreplaces.
Itishopedthatthetablespresautedinthispaper’wild.befound
adequateendusefulforthenumericalevaluationfauxiliaryfunctions
whichmayariseinthesolutionofproblemsofcompressiblef ow.
LangleyAeronauticalL boratory
NationalAdvisoryCommitteeforAeronautics
LangleyField,Vs.,May20,1948
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